ABSTRACT
INTRODUCTION
Although the late early Miocene to Quaternary diatom biostratigraphy of the North Pacific region is well known Koizumi, 1985; Barron, 1985b Barron, , 1992 , studies of the Oligocene and the early part of the early Miocene have been largely confined to isolated samples and/or sections bounded either by unconformities or intervals barren of diatoms. Limited late Oligocene and early Miocene diatom assemblages have been documented from Deep Sea Drilling Project (DSDP) Sites 438 and 439 off the northeast coast of Japan (late early Miocene) by , , Akiba and Yanagisawa (1986) , and Yanagisawa and Akiba (1990) ; from a calcareous nodule from the Okuyama Formation on the Boso Peninsula of central Honshu, Japan (late early Miocene) by Akiba (1980) ; from the Okubosawa section of eastern Hokkaido, Japan (late Oligocene and early Miocene) by Akiba et al. (1993) ; from isolated dredge haul samples from the Navarin Basin of the Bering Sea (late Oligocene? and earliest Miocene) by Baldauf and Barron (1987) ; from the San Gregorio Formation of southern Baja California, Mexico (late Oligocene and earliest Miocene) by Kim and Barron (1986) ; and from the Morowan Formation of eastern Hokkaido (early late Oligocene) by Saito et al. (1988) . Slightly older early Oligocene diatom assemblages are reported from the Shirasaka Formation in the Joban Coal Field of northeast Japan by Yanagisawa and Suzuki (1987) and from the Kamensky Formation of Bering Island in the Komandorsky Islands at the westernmost end of the Aleutians by Gladenkov (1988) . Additional Oligocene assemblages are documented in Russian literature from the Viventekskaya and Gakhinskaya formations of western Kamchatka by Dolmatova et al. (1984) , from Karaginsky Island off northeastern Kamchatka by Oreshkina (1982) , from Sakhalin Island by Tuzov et al. (1991) , as well as from dredge samples taken from the seafloor off the Kuril Islands (Pushkar, 1987) and off eastern Kamchatka (Gieser et al., 1986) .
In spite of these numerous studies, the diatom biostratigraphy of the upper Oligocene and the greater part of the lower Miocene age 1 sediments of the North Pacific is largely uncertain (Barron, 1985b; Akiba et al., 1993) because of the absence of continuous sections and the lack of good correlations to the geological time scale. Consequently, when a seemingly complete section of upper Oligocene through lower Miocene diatom-bearing sediment was cored in Ocean Drilling Program (ODP) Hole 884B (Cores 145-884B-63X through -70X) (Shipboard Scientific Party, 1993b) (Fig.  1 ) in the northwest Pacific on the eastern flank of Detroit Seamount (51°27.026'N, 168°20.228'E, water depth 3827 m), a unique opportunity presented itself to clarify the upper Oligocene and lower Miocene diatom biostratigraphy in the North Pacific. A detailed study of this material was initiated by A. Gladenkov with this goal in mind.
MATERIALS AND METHODS
Samples were selected for study from the FO of Denticulopsis hyalina in Sample 145-884B-62X-4, 25-26 cm, through the base of the diatom-bearing sediments in Core 145-884B-74X. Generally, one sample per section was taken for study from near the 25 cm interval of each section. Diatoms are present throughout this interval but with varying abundance and preservation.
Aboard the JOIDES Resolution, strewn slides were prepared by placing a small amount of material in a snap-cap vial, adding distilled water, agitating the vial, and removing part of the upper suspension with a pipette. When required (because of a low concentration of diatoms or an induration of the sediment), selected samples were processed by boiling them in hydrogen peroxide and hydrochloric acid, then using the centrifuge (at 1200 rp m f°r 2^ min) to remove these chemicals from the suspension. On land in the laboratory, beakers were used in the preparation of additional samples in the place of the snap-cap vials, and acid-treated material was made pH neutral by repeated washing with distilled water, allowing 4 hr or more for settling. Strewn slides were prepared by spreading the pipette suspension onto a cover glass (size 22 × 30 mm), drying on a hot plate, and mounting in Hyrax (index of diffraction = 1.71). A single slide per sample was examined under a Jeneval (Zeiss) light microscope by A. Gladenkov at ×400 with identifications checked at ×IOOO. J.A. Barron checked occurrences on a second set of slides. Whenever possible, all of the diatom taxa were tabulated until 200 specimens (other than Chaetoceros spores) were counted. Then, the rest of the slide was examined in its entirety for sparser occurrences. When fewer than 200 diatom valves were encountered on a slide, all of the taxa were tabulated.
Absolute ages are updated throughout this paper according to the Cande and Kent (1992) geomagnetic polarity time scale. The correla- [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] [25] [26] Notes: Relative abundance (A = abundant, C = common, F = few, R = rare, B = barren) and preservation (G = good, M = moderate, P = poor) of each sample are also estimated. Plus sign (+) = specimens recorded after count. Parentheses are placed around occurrences of specimens with uncertain identification (e.g., fragments and related taxonomic forms). N= number.
tion of the geologic epochs and periods used follows that of Berggren et al. (1985a Berggren et al. ( , 1985b .
RESULTS
The tabulated occurrences of stratigraphically important and relatively common diatom taxa are shown in Table 1 . The North Pacific references on Oligocene and early Miocene diatom assemblages were consulted in choosing stratigraphically important taxa, along with , , and Harwood and Maruyama (1992) . Numerous other taxa, including Pyxidicula spp., certain Hemiaulus spp., and various benthic taxa were also tabulated; however, they are not treated below the genus level because of time and space limitations. Illustrations of the stratigraphically important and common diatom taxa can be found on the plates, and the taxonomy used is summarized in the Appendix.
Preservation
Diatom preservation is generally moderate to good throughout the section studied (Table 1) , with the exception of a barren to poorly preserved interval from the upper part of Core 145-884B-70X to the lower part of Core 145-884B-69X (-648-638 mbsf) and a poorly preserved interval below 660 mbsf (Core 145-884B-71X).
The ranges of the stratigraphically important diatom taxa in Cores 145-884B-74X through -63X are compiled in Figure 2 . Additional warm-water, stratigraphically important taxa such as Coscinodiscus lewisianus, C. lewisianus var. levis, C. rhombicus, Nitzschia maleinterpretaria, and Raphidodiscus marylandicus have very restricted occurrences in Hole 884B (Table 1) , most likely during intervals of warmer sea-surface temperatures. As revealed by Figure 2 and Table  1 , the FOs of a number of diatom taxa are rather distinct and spaced throughout the section, whereas LOs tend to be more sporadic and difficult to recognize. It is possible that some diatom taxa are reworked from outcrops higher on the flank of the Detroit Seamount, but without more knowledge of the true LOs of various taxa in the North Pacific, it is difficult to assess the extent of reworking. Indeed, an unconformity separating lower Oligocene sediments below from upper lower Miocene sediments above was recorded in the core catcher of Core 145-883B-68X, which lies on the top of Detroit Seamount (Shipboard Scientific Party, 1993a) (Fig.l) .
Zonation
A late Oligocene and early early Miocene diatom zonation for the North Pacific is proposed in the following section based on the ranges of diatoms in Hole 884B (Fig. 2) . The papers of , , Akiba et al.'s (1993) , and Harwood and Maruyama (1992) have been consulted in an effort to give this zonation a widespread geographic application. The present zonation follows the example of North Pacific diatom zonation for the late early Miocene through Pliocene in that it is based entirely on successive FOs of diatom taxa and it uses partial range zones. An age vs. depth plot (sedimentation curve; Fig. 3 ) for the Oligocene and lower Miocene sediments of Hole 884B has been constructed using diatom, calcareous nannofossil, and radiolarian datum levels that have been tied to the paleomagnetic stratigraphy (Table 2) as well as to selected magnetostratigraphic events that are recognizable in Hole 884B. All of the pre-20 Ma calibrations of microfossil datum levels to magnetostratigraphy are from the tropical oceans or the Southern Ocean, so this age vs. depth plot should be considered tentative. Nevertheless, the datum levels line up on a relatively straight line, although the LOs of the calcareous nannofossil Reticulofenestra bisecta and the diatom Lisitzinia ornata fall some distance from this line, with the former occurring below (or older) and the latter occurring above (or younger) than expected (Fig. 3) . The earlier LO of R. bisecta is probably caused by selective preservation, because carbonate is sparse in the upper Oligocene to lower Miocene sediments of Hole 884B (Shipboard Scientific Party, 1993b). Reworking of Oligocene diatoms upsection, on the other hand, may result in a younger LO for L. ornata (Table 1) .
This age vs. depth plot suggests continuous sedimentation at Site 884 during the Oligocene and early Miocene, although it is possible that the interval between 31.7 and 30.2 Ma is removed at an unconformity at about 660 mbsf (alternative 2) (see Shipboard Scientific Party, 1993b). In the following section the proposed late Oligocene and early Miocene diatom zonation is discussed along with stratigraphically significant diatom occurrences. (Fig. 2) . The robust, resistant nature of R. vigilans, along with the near coincidence of its F0 in Hole 884B (estimated at 30.2 Ma) with the LO of the calcareous nannofossil Reticulofenestra umbilica (31.72 Ma) ( Table 2 ), argue that the FO of R. vigilans in Sample 145-884B-70X-7, 25-26 cm, is not dissolution controlled. This is the first reported occurrences of Thalassiosira dubiosa in the North Pacific.
DIATOM ZONES

Rocella vigilans
Rocella semigelida first occurs in the R. vigilans Zone, but it becomes common in the overlying Cavitatus rectus Zone (Fig. 2) .
Cavitatus rectus Partial Range Zone
Definition: Interval from the F0 of Cavitatus rectus to the F0 of Rocella gelida Age: -29.6-28.2 Ma (estimated ages at Site 884, this report) Authors: New zone, modified from the C. rectus Zone of Akiba et al. (1993) . Akiba et al. (1993) propose a C. rectus Interval Zone as the interval between the LO of Rocella gelida and the F0 of Thalassiosira fraga. It is difficult, however, to determine the LO of R. gelida, because it is a resistant species that is easily reworked.
Secondary marker: The LO of Kozloviella minor is a secondary marker for the top of the C. rectus Zone.
Remarks: The F0 of Cavitatus linearis falls just above the base of the zone in Hole 884B (Fig. 2) . Thalassiosira dubiosa and Rocella semigelida are restricted to the lower part of the C. rectus Zone, whereas Kozloviella minor is restricted to the upper part of the zone. This is the first reported occurrence of K. minor in the North Pacific.
Rocella gelida Partial Range Zone
Definition: Interval from the FO of Rocella gelida to the F0 of Thalassiosira praefraga Age: -28.2 to -24.0 Ma (estimated ages at Site 884, this report) Authors: New zone, modified from the R. gelida Zone of Gombos and Ciesielski (1983) , the R. gelida Zone of , and the R. gelida Zone of Baldauf and Barron (1991) .
Secondary marker: The F0 of Kisseleviella ezoensis closely approximates the top of the zone (Fig. 2) .
Remarks: Gombos and Ciesielski (1983) proposed a R. gelida Concurrent-Range Zone for the Southern Ocean as the interval from the F0 of R. Figure 2 . Ranges of stratigraphically important diatoms in the Oligocene to lower middle Miocene of Hole 884B referenced to diatom zones and depth in the core. Thicker parts of range bars indicate relatively common occurrences of the taxon; dashed range bar indicates discontinuous occurrences. Magnetostratigraphy is from Shipboard Scientific Party (1993b), with some modifications suggested by Barron and Gladenkov (this volume) . Core recovery is indicated by black-filled intervals.
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gelida to the LO of Rossiella sp. recognized a R. gelida Partial Range Zone in the equatorial Pacific as the range of R. gelida below the FO of Rossiella paleacea. In the Southern Ocean, Baldauf and Barron (1991) modified the top of the R. gelida Zone of Gombos and Ciesielski (1983) to be the F0 of Thalassiosira spumellaroides. Unfortunately, neither R. paleacea nor T. spumellaroides are present in the North Pacific, making them poor choices for marker species for a R. gelida Partial Range Zone. However, and Baldauf and Barron (1991) report forms recorded as Thalassiosira spinosa Schrader, which are equivalent to T. praefraga sp. nov. of this report (Barron, unpublished data) , in lowermost Miocene sediments in the equatorial Pacific and Southern Ocean, so there is some possibility that a R. gelida Partial Range Zone, defined as the range of R. gelida below the FO of T. praefraga can be recognized in all three regions.
The FO of Rocella gelida in Sample 145-884B-70X-5, 25-26 cm is immediately below an interval of poor preservation ranging up through Sample 145-884B-69X-5, 25-26 cm (Table 1; Fig. 2 ). The FO of Lisitzinia ornata is immediately above this interval of poor preservation (Table 1) .
The LO of Thalassiosira mediaconvexa and the F0 of T. lusca. fall within the R. gelida Zone in Hole 884B (Fig. 2) . This is the first reported occurrence of T. lusca in the North Pacific. Author: New name for T. spinosα Zone of Remarks: In Hole 884B, the total range of Kisseleviellα ezoensis closely approximates the entire T. prαefrαgα Zone. , however, indicates that K. ezoensis ranges up to the top of his Thαlαssiosirα frαgα Zone at DSDP Site 439 off Japan.
The LOs of Rocellα vigilαns, R. gelidα, Rouxiα sp. cf. R. grαndα, R. obesα, and Cestodiscus kugleri all fall within the T. prαefrαgα Zone (Fig. 2) ; however, these taxa have fairly sporadic occurrences (Table 1) , so caution should be used in applying these diatom events for long-range correlation. For example, Akiba et al. (1993) show more limited occurrences of Rocellα vigilαns, R. gelidα, and Rouxiα obesα in the Okubonosawa section of eastern Hokkaido.
The F0 of Rhizosoleniα hotαense and the LO of Cαvitαtus rectus fall just below the F0 of Thαlαssiosirα frαgα, near the top of the T. prαefrαgα Zone, in Hole 884B. A similar relationship between the LO of C. rectus and the FO of T. frαgα is reported by Akiba et al. (1993) in the Okubonosawa section of eastern Hokkaido, further supporting the stratigraphic utility of these two diatom events.
The last consistent occurrence of Lisitziniα ornαtα in Sample 145-884B-67X-1, 24-25 cm (613.54 mbsf) lies in the upper part of the T. prαefrαgα Zone in Hole 884B (Table 1 ; Fig. 2 ). This relatively young LO is somewhat surprising, because L. ornαtα has a LO below the F0 of Rocellα gelidα in the Okubonosawa section of eastern Hokkaido , whereas the LO of L. ornαtα lies well below the LO of R. gelidα in the Southern Ocean, according to Harwood and Maruyama (1992) .
Also coinciding with the top of the T. prαefrαgα Zone in Hole 884B is the last sporadic occurrence of Pseudotricerαtium radiosoreticulatum. records the LO of P. radiosoreticulatum (as P. cheneiveri) at the top of his T. fraga Zone at Site 439 off Japan, a somewhat younger range than in Hole 884B. Author: Modified from the T. fraga Zone of Barron (1985b) . Barron (1985b) proposed a T. fraga Zone based on the range of T. fraga below the FO of Actinocyclus ingens. As mentioned below, isolated specimens of A. ingens range well down into the early Miocene, making its FO difficult to recognize. This zone was referred to Akiba and Yanagisawa (unpublished data) by Akiba et al. (1993) but it has not been published.
Thalassiosira fraga
Remarks: Barron (1992) has argued for the near coincidence of the FOs of C. sawamurae (previously recorded as C. nicobarica or Denticulopsis nicobarica) and Actinocyclus ingens. In Hole 884B, forms referable to A. ingens, however, were observed well below the FO of C. sawamurae and down into the T. praefraga Zone ( Table 1) .
The total range of Rhizosolenia norwegica is restricted to the T. fraga Zone in Hole 884B, and R. hotaense has its LO within the zone.
The FO of Azpeitia praenodulifera in Hole 884B can be found in Sample 145-884B-66X-3, 25-26 cm (Table 1) , above the F0 of T. fraga (Sample 145-884B-66X-5, 25-26 cm), a younger FO for this warm-water taxon than what was recorded by in the equatorial Pacific.
A single common occurrence of Nitzschia maleinterpretaria is reported in Sample 145-884B-66X-2, 25-26 cm, just below the F0 of Crucidenticula sawamurae in Sample 145-884B-65X-CC, which marks the top of the T. fraga Zone (Table 1) . It is interesting to note that Yanagisawa and Akiba (1990) record an isolated abundance peak of N. maleinterpretaria immediately below the F0 of C. sawamurae in equatorial Pacific Site 71, and it is tempting to think that the two occurrences may be time equivalent. This is the first recorded occurrence of N. maleinterpretaria in the North Pacific.
The restriction of the Thalassiosira fraga Zone to the interval from Samples 145-884B-66X-1, 25-26 cm, to -66X-5, 25-26 cm (603.8-610 .05 mbsf or about 6.2 m total thickness) contrasts with its greater thickness (25 m) in Hole 883B (Barron and Gladenkov, this volume) . Lithologic evidence for (1992) 
Crucidenticula sawamurae Partial Range Zone
Definition: Interval from the F0 of Crucidenticula sawamurae to the F0 of C. kanayae Age: 18.4 Ma (Subchron C5En.ln) to 16.9 Ma (Subchron C5Cr.3r) (magnetostratigraphic correlation in Hole 884B)
Author: This zone is referred to Akiba and Yanagisawa (unpublished data) by Akiba et al. (1993) , but it has not been published.
Remarks: The first consistent occurrence of Actinocyclus ingens coincides with the base of the C. sawamurae Zone (Table 1) ; however, sporadic occurrences of A. ingens can be found down into the T. praefraga Zone. Apparently, Barron ( , 1985b and Koizumi (1985) recognized this first consistent occurrence of A. ingens as the base of their A. ingens Zones.
The F0 of Actinocyclus tsugaruensis and A. sp. (ochotensis-ingens form) also lie in the lowermost part of the C. sawamurae Zone in Hole 884B (Fig. 2) .
The FO of Mediaria splendida can be found in the lower part of the C. sawamurae Zone, whereas the F0 of Crucidenticula ikebei is near the top of the zone. At Site 439 off Japan, reports the F0 of M. splendida in his Crucidenticula kanayae Zone, which is equivalent to the C. sawamurae and C. kanayae zones of this paper. Yanagisawa and Akiba (1990) , however, suggest that the FOs of C. sawamurae and C. ikebei are equivalent.
The last consistent occurrence of Thalassiosira fraga lies in the C. sawamurae Zone in Hole 884B, but an isolated occurrence in Sample 145-884B-63X-CC can be found in the lower part of the Denticulopsis praelauta Zone ( Fig. 2 Author: This zone is referred to Akiba and Yanagisawa (in press ) by Akiba et al. (1993) , but it has not been published.
Remarks: The LO of Crucidenticula sawamurae lies near the top of the C. kanayae Zone, a younger range than what is suggested by Yanagisawa and Akiba (1990) off Japan. Also falling in the upper C. kanayae Zone are the LO of Azpeitia praenodulifera in Sample 145-884B-64X-1, 25-26 cm (Table 1) , and the LOs of Actinocyclus tsugaruensis and A. sp. {ochotensis-ingens form) (Fig. 2) . At Site 439 off Japan, Author: Remarks: In Hole 884B, the F0 of Nitzschia challenged coincides with the F0 of D. praelauta at the base of the D. praelauta Zone. In Holes 438B and 439 off Japan, however, the F0 of N. challenged is slightly above this horizon Yanagisawa and Akiba, 1990) .
In the upper part of the D. praelauta Zone, Cavitatus exiguus first occurs, a stratigraphic occurrence supported by Akiba et al. (1993) .
Denticulopsis lauta Partial Range Zone
Definition: Interval from the FO of Denticulopsis lauta to the F0 of D. hyalina Age: 15.9 Ma (Subchron C5Br.2r) to -14.9 Ma (Chron C5B) (magnetostratigraphic correlation from Holes 884B and 887A; Barron and Gladenkov, this volume) Author: Maruyama (1984b) Remarks: The F0 of Cavitatus lanceolatus and the LO of Crucidenticula ikebei appear to fall in the D. lauta Zone in Hole 884B (Fig. 2) . Akiba et al. (1993) report a similar F0 for C. lanceolatus.
TRANSPORTED DIATOMS
Site 884 was positioned on the Meiji Drift, a sediment drift deposit occurring along the eastern flank of Emperor Seamount Chain that is more than 800 km long and 350 km wide (Scholl et al., 1977 ) (see Shipboard Scientific Party, 1993b . Lithologic Subunit IIA (604.8-694.7 mbsf), which encompasses the lower half of the section studied for diatom biostratigraphy, displays modest evidence for reworking in the form of sharp contacts, parallel laminae, and thin turbidites (Shipboard Scientific Party, 1993b) . Within this interval, increased numbers of benthic diatoms, diatoms transported from shelf regions {Actinoptychus senarius and Paralia sulcata), and resting spores that are also normally associated with neritic environments are evidence of downslope transport (Table 1) . However, backtracking of Site 884 along the Hawaiian Seamount trend for the past 35 million years places it in the central North Pacific at about 40°N and 165°W (Shipboard Scientific Party, 1993b) , far to the south of possible neritic source areas along the Aleutian Islands or in the Bering Sea. Together, these observations suggest extensive reworking of seafloor sediments in the North Pacific east of the Emperor Seamount Chain by bottom currents during the Oligocene and early Miocene. . Diatoms are generally common and are moderately-well to good preservation throughout the interval investigated, making Hole 884B a unique reference section in the North Pacific for Oligocene and early Miocene.
CONCLUSIONS
Absolute age estimates for the interval from 20 to 14 Ma are derived from magnetostratigraphy, whereas those in the interval from 30 to 20 Ma are suggested by an age vs. depth curve constructed from published age estimates of diatoms, calcareous nannofossils, and radiolarians from low-latitudes and the Southern Ocean. All ages are according to the geomagnetic polarity time scale of Cande and Kent (1992) .
In addition to the ranges of the 10 marker species for the diatom zonation, the ranges of 27 other stratigraphically important diatom taxa are documented. Based of calcareous nannofossil biostratigraphy, Rocella vigilans has a F0 in the early Oligocene which approximates its F0 in the Southern Ocean (-30.2 Ma). Rocella semigelida is documented for the first time in the North Pacific and found to range from the upper part of the R. vigilans Zone through the lower half of the overlying Cavitatus rectus Zone. Other taxa recorded for the first time in the North Pacific include Kozloviella minor, which is restricted to the upper part of the C. rectus Zone, and Nitzschia maleinterpretaria, which has a single common occurrence in the Thalassiosira fraga Zone. Rocella gelida appears to have originated in the North Pacific based on its apparent older F0 (-28.3 Ma) than what is reported by Harwood and Maruyama (1992) in the Southern Ocean (26.4-26.2 Ma). The F0 of/?, gelida in the Southern Ocean appears to coincide with the first common occurrence ofR. gelida at Site 884.
A new species, Thalassiosira praefraga is proposed for specimens previously identified as T. spinosa Schrader by , Baldauf and Barron (1991) , and us (in Rea, Basov, et al., 1993) . Thalassiosira praefraga is sparse but consistent throughout the T. praefraga Zone, whereas Kisseleviella ezoensis is restricted (in very rare, sporadic occurrences) to the T. praefraga Zone.
Rocella vigilans, R. gelida, and Lisitzinia ornata lack sharp last occurrences in the lower Miocene (T. praefraga Zone) of Site 884. This may reflect reworking of Oligocene sediments at the site, which is consistent with sedimentologic and seismic evidence that these lower Miocene sediments have been redeposited by bottom currents.
The documentation of sparse specimens of Actinocyclus ingens through the Thalassiosira fraga and T. praefraga zones argues against previous practice of using the F0 of A. ingens as a late early Miocene marker species. Nevertheless, A. ingens does become more consistent and more common in the late early Miocene at the base of the Crucidenticula sawamurae Zone (18.4 Ma).
The relatively common occurrence of benthic diatoms, Paralia sucata, Actinoptychus senarius, and Chaetoceros resting spores, especially in the Oligocene and lower Miocene sediments of Hole 884B, is evidence of transport of bottom sediments over at least 1200 km based on a probable source of these coastal and shallow water taxa near the Aleutian Islands and/or Bering Sea and on backtracking of Site 884 at 35 Ma to a position of about 40°N and 165°W in the central North Pacific. These observations support sedimentologic and seismic evidence that Site 884 is located on an extensive sediment drift, the Meiji Drift, (Shipboard Scientific Party, 1993b) .
irregularly situated strutted spines (processes), approximately 1.5-2 µm apart with a length of 0.5-1 µm.
Remarks. Previously (Rea, Basov, et al., 1993) , these specimens were tabulated as Thalassiosira spinosa Schrader and were used as the basis of the Thalassiosira spinosa Zone. However, Fumio Akiba (written comm., 1994) correctly pointed out that Thalassiosira spinosa Schrader 1976 is a junior homonym of Thalassiosira spinosa Simonsen, 1974, pp. 10-11, pis. 4-5. Compared with Schrader's (1976, p. 636 ) description of T. spinosa and T. spinosa var. aspinosa, the specimens illustrated and described here have less strongly convex valves, finer areolation, and their areolae display a greater decrease in the size from the center of the valve to the valve's margin. Consequently, it seems inappropriate to rename Schrader's taxa.
Thalassiosira praefraga sp. nov. differs from Thalassiosira fraga Schrader emend Akiba and Yanagisawa, 1986 (p. 498, pi. 51, figs. 5-10, pi. 53, figs. 1-8) by the nonlinear pattern of its areolae and its lack of a prominent strutted processes (4-5 in 10 µm with a 1.5-µm-long tube) around its margin.
Holotype. PI. 2, Fig. 9 , Sample 145-884B-66X-5, 25-26 cm (specimen deposited in the Institute of the Lithosphere, Russian Academy of Sciences, Moscow)
Isotypes. PI. 2, Fig. 4 , Sample 145-884B-66X-4, 25-26 cm; PI. 2, Fig. 6 , Sample 145-884B-67X-CC (specimens deposited in the Institute of the Lithosphere, Russian Academy of Sciences, Moscow) Derivation of name: A combination of "prae" (Latin, = before) plus "fraga" (from Thalassiosira fraga Schrader). Thalassiosira praefraga sp. nov. occurs stratigraphically below T. fraga and may be its ancestor.
Taxonomic Notes and References to Good Figures
Taxonomic references to diatom taxa tabulated in Hole 884B and illustrated on Plates 1-9 are listed below. In general, only references to good figures are listed following a semicolon. The reader should refer to these references for the original reference of the taxon. Important synonyms and limited remarks are included.
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Plate 4 
